SUMMARY
H
and hygiene forms the basis of antiseptic techniques aimed at reducing the incidence of nosocomial and surgical site infections. [1] [2] [3] The contaminated hands of health workers are known to result in nosocomial and surgical site infections. These infections lead to severe morbidity and mortality, prolonged hospital stay, and increased hospital costs. [1] [2] [3] [4] Surgical hand washing has an important place in preventing the development and transfer of nosocomial infections, and also in the development of surgical site infections. [2, 4] Cleaning of hand and arms with an antiseptic solution was first initiated in the 1860s by Joseph Lister' s surgical team, which used carbonic acid for hand disinfection. [5] The aim of surgical hand washing is to clean up microorganisms, prevent their transfer or to reduce the amount of permanent flora of the hands, which would ultimately prevent surgical wound contamination from microorganisms found on the hands of the surgical team. Even a small amount of microorganism found on the hands can trigger the development of infection. This is particularly pronounced in patients with implants. The incidence of surgical site infection can markedly be reduced through appropriate hand washing procedures. [6, 7] Earlier, Mangram et al. [8] reported that in the first surgical cases scrubbing including that of nail beds was necessary in surgical hand washing, and later suggested that the hands could be washed surgically without the scrubbing procedure. Inadequate scrubbing of the hands with an appropriate antiseptic agent may lead a rapid growth of microorganisms.
The use of alcohol-based hand antiseptics was initiated towards the end of the year 2008. [6] Alcohol-based hand washing solutions have a broad spectrum of antimicrobial effect. They are also considered in the first-line of use due to their rapid effective nature and a better skin tolerance compared to soap-based hand washing solutions. [4] However, in the absence of included moisturizers, alcohol-based solutions tend to cause dryness of the skin. As a result, there are still controversies concerning the advantages and disadvantages of alcohol-based solutions. [4, 6] Although surgical hand washing has been in routine practice for many years now, no acceptable standard protocol has been clearly described as to the scrubbing procedure and the antiseptic solution to be used. Several studies have suggested that any antiseptic agent can be used together with a nail cleaner and scrubbing. However, many studies suggest that there is no need for a nail cleaner or scrubbing and that scrubbing with a good antiseptic agent would be adequate. [3, [9] [10] [11] [12] Debates concerning the method and solutions used in surgical hand washing are still being carried out. In this review, we aimed to examine randomized controlled and experimental studies concerning the comparison of the efficiency of surgical hand washing methods and the antiseptic agents used.
Materials and methods

Inclusion criteria
The following criteria were considered in the selection of articles:
• Availability of a plan for the method of surgical hand washing and hand washing solutions • Publication language of either Turkish or English • Publication within the past five years (August 2009 and December 2014) • Accessibility to the full text • Being a randomized controlled and experimental study
Exclusion criteria
• Absence of a full text article • Articles which do not examine the efficacy of the method of surgical hand washing and hand washing solutions • Publication language not being in either English or Turkish • Non-original studies • Lack of reviews and out-of-scope studies investigated in case studies, guidelines, and systematic reviews were not reconsidered and excluded from the study.
Selection of studies
In this review, 23,450 studies published between August 2009 and September 2014 were examined. The databases of "EBSCO", "Pubmed", "Medline", "Cochrane Library", "Science Direct," "Google Academic" and "ULAKBIM" were screened using the keywords such as "Surgical hand washing" "comparison of surgical hand scrubbing solutions" and "operating room" between August-September 2014. Only 14 randomized-controlled and experimental articles were examined from among the studies obtained. These articles were chronologically outlined accordingly to include authors, years, titles, objectives, samples, methods, results, discussions and conclusions. The full texts of all articles considered for investigation were examined to evaluate whether inclusion criteria were met. Three different methods were compared.
Results
1. Hands were scrubbed with chlorhexidine.
2. Nails were cleaned with chlorhexidine and nail cleaner.
3. Nails were brushed using chlorhexidine. A total of 72 individuals were divided randomly into three groups, in the study aimed at comparing the effect of povidone iodine, alcohol and conventional hand washing in reducing the flora found on the hands of the surgical staff. Group 1. 7.5% povidone iodine used for three minutes to scrub by conventional method, Group 2. 70% ethyl alcohol used to scrub for three minutes until the hands were dry, Group 3. Avagard (2% chlorhexidine gluconate +70% ethyl alcohol) used to scrub for three minutes until the hands were dry. Culture samples were obtained from every group when gloves were removed before, immediately after and three hours after scrubbing.
The study was conducted in two steps. Three cross-over examinations were made to test if all alcohol products contained glycerol or not. Every formulation of the cross-over examination was performed randomly in two groups. The first person in the first group used pure alcohol, the first person in the second group used glycerol-containing alcohol, while the second person used pure alcohol. The test continued for one week. At the end of the experiment everybody must have used every formulation once. 
Discussion
The common goal of all surgical staff is to provide bacterial decontamination in the operation room. [13] Preoperative washing of hands by the surgical team with an antimicrobial solution is known to play an important role in the prevention of nosocomial infections. [14] Povidone iodine and chlorhexidine gluconate are the common solutions used in surgical hand washing. Recent RC experimental studies have demonstrated that the scrubbing technique frequently used in conventional surgical hand washing is not very necessary. Although the conventional brushing/scrubbing technique provides an effective antisepsis, it has been shown to increase complications such as cracks and scratches of the hand. As a result, scrubbing has been suggested to be unnecessary during surgical hand washing. Scrubbing and particularly the use of special apparatus to scrub nails has been shown not to reduce the amount of bacteria; hence, it has been suggested that the scrubbing technique may be removed from the surgical hand washing guidelines. [2, 9, 12, 15] In the study by Okgun Alcan et al., [3] the use of nail cleaners and scrubbing did not have any advantage in bacterial decontamination during the process of surgical hand washing, and that there was no difference between scrubbing and normal hand washing. In another study where the conventional hand washing was compared with hand washing using alcohol-based solution, washing time, washing method and the effect of solution were investigated, alcohol-based hand washing was found to be as effective as the conventional scrubbing technique. [12] Another study compared the antimicrobial effect of alcohol-based hand washing and the conventional scrubbing technique and demonstrated that alcohol-based hand antiseptics were more effective than conventional scrubbing. [2] Kareem et al. [15] reported similar results in their study. Although washing with alcohol-based solution shortened the duration of washing, a smaller colony size was demonstrated on the hands of participants compared to the conventional method.
Apart from several advantages of alcohol-based hand washing products such as the rapid bactericidal effect, being easy-to-use and its less time consuming nature, they also have several disadvantages of scrubbing such as irritation of hands, development of allergic reactions and skin dryness. To reduce these unwanted effects, a study was conducted where glycerol was added to the alcoholbased products. [4] The study results demonstrated that addition of glycerol to alcohol-based products reduced the antibacterial effects of surgical hand washing antiseptics.
The antibacterial effects of surgical hand washing antiseptics have been reported to be as important as the surgical hand washing technique itself in the reduction of surgical site infections. Many literature studies compared the effect of various antiseptics, as well as various forms of the same antiseptic. To illustrate, Suchomel et al. [11] demonstrated that 85% ethanol had a higher bactericidal effect than the others. In another study, three different methods were used with chlorhexidine gluconate (classical scrubbing, scrubbing with sponge, and scrubbing without using any apparatus) for surgical hand washing and it was reported that there was no statistically significant difference between the three methods. [10] According to results of this study, the use of brush and sponge did not increase the bactericidal effect of chlorhexidine gluconate. The authors concluded that chlorhexidine gluconate can be used in surgical hand washing without the need for any scrubbing apparatus. [10] In another study investigating whether there was any change in the effect of adding chlorhexidine gluconate to the alcohol-based products, chlorhexidine gluconate containing products provided a longer lasting bactericidal effect. [16] Chlorhexidine gluconate was also shown to have a higher bactericidal effect, compared to povidone iodine and other alcohol-based products in many studies carried out among varying samples groups, varying time periods, and with varying techniques. [17] [18] [19] [20] [21] Furthermore, recent experimental studies have demonstrated that conventional hand washing/scrubbing techniques are no longer necessary, and that the use of alcohol-based hand antiseptics would instead be more appropriate. [17] [18] [19] [20] [21] In conclusion, the technique of surgical hand washing, effect of the solution used and the preference of one over the other is still a controversial issue. Therefore, there is a need for repeated RC experimental studies in a varying sample size. 
